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1. INTRODUCTION  

Nowadays, the increased awareness of consumers towards healthy and 

sustainable lifestyle habits is leading to the continuous seek for new technologies 

suitable for diverse industry sectors, that could satisfy and fulfil people’s needs. In this 

context, nanotechnology is playing a crucial role in the creation of added value daily 

products, mainly because of the great properties achieved at nanoscale. 

Skin Healthcare by Innovative NanoCAPsuleS project aimed to develop 

customised products (cosmetics and textiles) for skin care using an innovative, cost-

effective, safe and sustainable in situ self-assembly nanoencapsulation technology, 

based on biocompatible and biodegradable polymers and natural active ingredients. 

These nanocapsules/nanocarriers are stimuli-responsive, safe, controllable and have 

different release mechanisms for the active ingredients, to achieve distinct properties: 

thermal comfort, anti-ageing and antimicrobial.  

This report presents the life cycle assessment of the optional formulations for 

several cosmetic products (phase-change materials (PCMs), anti-acne and anti-wrinkle 

products, body gel, athlete’s foot cream and anti-dandruff shampoo), a set of validation, 

regulation, and recommendations related to the encapsulation technology, as well as 

the results of a study on the associated implications from the perspective of 

environmental impacts.  

The results presented in this report look into the environmental impact of new 

nanocapsules obtained from modified polymers through the innovative 

nanoencapsulation technology and the resulting impacts to the environment. The 

benefits of nanocapsulation technology also include energy and resources efficiency, 

safety to workers and users, and ultimately enhanced processes/products sustainability. 

This report is a follow-up to the SKHINCAP D4.2 Life cycle assessment (delivered in M24= 

where the results of a screening LCA (i.e. identified hot spots at the product 

development phase) were presented. 



                                     
 

 

The aim of this task was to reveal potential “hot spots” i.e. raw materials, 

chemicals or processes that would cause significant environmental impacts and, 

therefore, should be avoided. The ultimate objective was to contribute to a multi-

criteria investigation of the possible implications on environmental aspects associated 

with the materials, processes and products under concern. Specifically, this task covered 

the Life Cycle Assessment (LCA) of the developed nanocapsules (materials and 

processes).  

The environmental impact assessment was carried out by applying the 

internationally standardized methodology (ISO 14040-44) for LCA for evaluating the 

environmental impacts throughout the value chain of a product or process. The data 

was collected first hand from the researchers and producers in the project. The data 

gaps were filled up with Ecoinvent and/or ELCD generic database data. Focus was put 

on indicators that are critical for production of modified polymers and new 

nanocapsules including resources consumption and greenhouse gasses emissions. 

Environmental burden caused by the used energy and materials in the formulations is 

represented by impact assessment method, which is selected in according to the 

recommendations of ILCD Handbook (International Reference Life Cycle Data System). 

It was agreed by all the project partners that global warming potential impact was the 

most appropriate indicator for presenting results of this study. 

The results point out that few specific chemicals cause the majority of the 

greenhouse gas emissions so there are possibilities to minimize the environmental 

impact by switching to alternative chemicals where it is possible.  

This report is structured as follows: In chapter 2, LCA as a method is explained in 

more detail, after which chapter 3 looks into methods and the process of the study. 

Finally, chapter 4 shows calculation results and recommendations.  

  



                                     
 

 

 

2. Background for the study 

In SKHINCAPS project, the environmental impacts are evaluated based on Life 

cycle assessment (LCA) which is an ISO standardized method that can be used for 

assessing the potential environmental impacts of a product or a service. The standards 

of LCA are ISO 14040 “Environmental management – Life cycle assessment – Principles 

and framework” and ISO 14044 “Environmental management – Life cycle assessment – 

Requirements and guidelines”. Furthermore, the standard for Carbon footprint of 

products (ISO 14067:2018) applies. 

 

2.1. Life Cycle Assessment as a method 

The design of the LCA considers the following principles:  

• with LCA, the systematic overview of shifting the potential burdens between 

different life cycle stages or individual processes can be recognized and possibly 

avoided (ISO 14040),  

• the sustainability of a product is ensured already in the product development 

phase (Eco Design), 

• environmental assessment is integrated as a part of material and product 

development already at the early stage. 

 

LCA has four stages (presented in Figure 1):  

1. Definition of goal and scope stage defines the goal of the study, sets the system 

boundaries and lists the assumptions needed in the calculation;  

2. The life cycle inventory includes data collection and a balance calculation to all 

unit processes in the life cycle. The results are presented as inputs and outputs 

of the entire system;  

3. In the impact assessment stage, the results from the inventory can be converted 

into impacts. One example of this is the carbon footprint calculation; the emitted 



                                     
 

 

greenhouse gases from the inventory calculation are converted into global 

warming potentials in the impact assessment stage;  

4. The final stage of LCA is interpretation of the results, which is based on all three 

previous stages of the assessment. The results of LCA are presented per 

functional unit. Functional unit is also used in environmental assessment and it 

depends on many factors. Typical functional units are numbers of product (e.g. 

one car or a book) or amounts of product (e.g. 1000 MWh or 1L of diesel). There 

are several impact assessment methods with different characterisation, 

normalisation and weighting factors. In the following chapters, the four stages of 

LCA are presented in more detail. 

 

 

Figure 1. The four stages of life cycle assessment. 

 

Goal and scope definition 

In the first stage of the LCA, the goal and the scope, the set of system boundaries 

and lists of the assumptions needed in the calculations are defined. The goal is 

dependent on the use purpose and the target group of the study. One goal of the LCA 

can be to identify the life cycle stages or raw materials related to the product that cause 

the biggest environmental burdens. It should be taken into consideration that applying 

LCA in product comparisons may seem like a good idea, but it needs to be noted; that 

only the products that have the same functional unit and methodological characteristics 



                                     
 

 

can be compared. In the beginning of the LCA, the desired environmental impact 

categories and the related result indicators, e.g. the global warming potential are to be 

determined.  

Setting the system boundaries is a crucial task in any sustainability assessment, 

whether it is environmental, economic or social. System boundaries must be specified 

in several dimensions: boundaries between the technological system under study and 

nature, confinements of the geographical area and considered period of time. Further 

boundaries include those between the system under study and the supporting 

background systems: electricity generation, waste management etc. The life cycle is 

modelled of unit processes, which are connected to each other with material flows, 

production of raw materials and energy flows, manufacturing of the product, all 

transportations, use phase, and finally disposal of the product or other end-of-life 

treatment processes. “Cradle to gate” and “cradle to customer” approaches consider 

the life cycle until the production of the product (cradle to gate) or until the product has 

been transported to the customer (cradle to customer) but exclude the use phase and 

end-of-life treatments.  

 

Inventory  

The life cycle inventory includes data collection and a balance calculation to all 

unit processes in the life cycle. The results are presented as inputs and outputs of the 

entire system. Parts of inventory analysis are the input and output data collection and 

analysing phases. The inventory data for the LCA is either specific, i.e. from the actual 

production processes, or average, i.e. from industry specific or generic databases. In the 

inventory stage, the specific data from data collection questionnaires and the average 

data from databases are examined and combined. The output of the inventory analysis 

is life cycle inventory (LCI), that is a list of products, emissions, waste, and resources 

throughout the whole life cycle of the product.  

The input and output information resulted from the LCI phase can be classified as 

follows: 



                                     
 

 

• energy inputs, raw material inputs, supplementary and additional physical 

inputs; 

• products, co-products and waste; 

• emissions to air, discharges to water and soil; 

• other environmental aspects. 

 

Impact assessment 

In the impact assessment stage, which includes three steps that are shown in 

Figure 2, some parts of the life cycle inventory are classified into selected environmental 

impact categories. After the classification, the inventory data is converted into 

environmental impact indicators such are for example global warming potential, ozone 

layer depletion or eutrophication potential. In the LCA terminology, this step is called 

characterisation. The characterized result for various emissions can be summed up 

within the same impact category. This is a problem-oriented approach and the midpoint-

level impact assessment result refers to potential environmental impact due to the 

certain emissions or resources used. For example, greenhouse gas emissions are related 

to climate change potential. In the third step of impact assessment - weighting -, the 

significance of different potential environmental impacts (e.g. climate change potential 

and eutrophication potential) are compared and weighted against each other based on 

value choices. Weighting step expresses the results of the LCA in one single index. This 

is called an endpoint approach of the impact assessment that is also known as the 

damage-oriented approach. The results on endpoint level refer to possible damage to 

the ecosystem or human health.  

 



                                     
 

 

 

Figure 2. Framework of the mandatory and voluntary impact assessment steps and some examples of the 

impact categories in the LCA. 

 

The LCA standards do not determine which impact assessment methods should 

be used in a study. The selection of the method is supposed to be carried out in the goal 

and scope definition phase, taking into consideration the spatial and temporal aspects 

of the study. Some methods include only characterisation factors but no normalisation 

or weighting factors, and these methods are called “the midpoint methods”. “The 

endpoint methods” include also the normalisation and weighting phase. Such examples 

of midpoint and endpoint methods are CML 2001 impact assessment which represents 

a midpoint method, and ReCiPe method that includes includes both midpoint and 

endpoint indicators. The midpoint indicators are more robust and less subjective than 

the endpoint indicators, but they might be difficult to compare or interpret due to their 

abstract meaning.  

 

Interpretation 

The last stage of the LCA is the interpretation that is based on the previous stages 

of the assessment. Interpretation in LCA means summarizing the results and making the 

relevant conclusions taking into consideration the established goals and the desired use 

purpose, e.g. product design, marketing, communication or decision making. There are 



                                     
 

 

some data gaps and uncertainties in the underlying process data, which needs to be 

acknowledged while interpreting the results.  

 

2.2. Carbon footprint  

Climate change caused by human actions has created a need to measure and 

mitigate greenhouse gas emissions. Carbon footprint is a concept that describes the 

greenhouse gas emissions and removals over the life cycle of a product expressed as 

CO2 equivalents (BSI PAS2050:2011). Benefits of carbon footprint as an indicator are 

that it is easily understandable, globally interesting, broadly applicable and easy to 

implement for different strategies (Alvarez et al. 2016). 

Carbon footprint of products standard (ISO 14067:2018) provides principles, 

requirements and guidelines for the quantification of the carbon footprint of products, 

including both goods and services. Partial product footprints are also addressed. 

Calculations on organisational level can also be made. The calculation is based on LCA 

using the single impact category of climate change. The quantification and reporting of 

a carbon footprint of a product in accordance with this technical specification is based 

on the principles of the LCA (ISO 14040:2006; ISO 14044:2006).  

LCA using climate change as the single impact category creates methods for 

carbon footprint assessment, facilitates performance tracking in greenhouse gasses 

emissions reduction and supports reporting and communication of carbon footprint 

information. Double-counting of emissions and removal should be avoided within both 

the studied product system and other product systems (in the context of allocation).  

Carbon footprint study calculates the contribution of the studied product to 

global warming potential. The most important greenhouse gases are fossil carbon 

dioxide (CO2), methane (CH4) and dinitrogen monoxide (N2O). The impacts from 

different greenhouse gases are converted into carbon dioxide equivalents (CO2 eq.) by 

multiplying the inventory results of each greenhouse gas with factors given by 

Intergovernmental Panel on Climate Change (IPCC). The factors describe the global 

warming potential of emissions within the next 100 years, which is the most typical time 



                                     
 

 

frame used. The CO2 equivalents are then summed together and reported as carbon 

footprint. The factors for the most important greenhouse gases are reported in Table 1 

that shows that the impacts of different greenhouse gases on climate change vary so 

notably per physical unit, that they cannot be directly compared and summed together 

at the inventory result level but need to be converted into the impact assessment level 

instead (Fang and Heijungs, 2015).  

 

Table 1. Conversion factors of the most important greenhouse gases to carbon dioxide equivalents by IPCC 

(2007). 

 Conversion factor by IPCC1 

Carbon dioxide, CO2 1 

Methane, CH4 28 

Dinitrogenmonoxide, N2O 265 

 

The most important source of GHG emissions in carbon footprint calculations is 

often found in energy solutions. Energy production and consumption in forms of 

electricity, heat or fuels should be studied in high level of detail. In addition, 

transportation and selection of raw materials play an important role in the calculations. 

Like in the LCA calculations, the results of footprint calculations can also be divided into 

life cycle steps, and thus the most important emission sources can be easily found. 

 

3. Methods and the process of the study  

The goal of WP 4 was to establish additional set of benefits and further 

development recommendations of the encapsulation technology in addition to 

evaluating the potential environmental risks. LCA was carried out in order to: 

                                                           
1 https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf 

 

https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf


                                     
 

 

• Examine the potential environmental impacts of the optional formulations of 

selected cosmetic products in order to find out the possible “hot spots” and 

future development needs from environmental viewpoint; 

• Compare different production process options for the products and, if possible, 

make comparisons with products with similar function.  

Scope of the study include cradle-to-gate life cycle assessments for textile and 

cosmetic products using novel nanocapsules based materials. The cradle-to-gate 

approach takes into account all the upstream processes including raw material 

acquisition, energy production and transportations following by the manufacturing 

processes until the product is ready for use. The end-of-life of the product is excluded 

from the system boundaries. 

The studied formulations are: 

• For phase-change materials (PCMs): PCM-loaded crosslinked nanocapsules (and 

two formulations of PCM as nanocapsules component), PCM-loaded 

microcapsules and final application of nanocapsules and microcapsules to 

textiles; 

• For anti-acne cream: Telic reference, SKHINCAPS nanoencapsulated creme, 

SKHINCAPS non-encapsulated cream; 

• For anti-wrinkle products: anti-wrinkle cream carrier dimethicone, anti-wrinkle 

cream carrier ciclopentasiloxane, anti-wrinkle serum; 

• Body gel; 

• Athlete’s foot cream; 

• Anti-dandruff shampoo. 

After gathering the data, it is related to unit processes and to the reference flow 

of the functional unit (ISO 14040:2006). The functional unit of this study is one ton of 

final product. Additionally, some chemical specific environmental impacts are 

presented. The consortium has provided the inputs and outputs required per functional 

unit. In addition, some of the upstream processes have been modelled based on factors 

from generic databases such as Ecoinvent. In SKHINCAPS project the impact assessment 



                                     
 

 

methods are selected according to the recommendations of ILCD (EUR 25167 EN – 

2012). The results of a screening LCA (i.e. identified hot spots at the product 

development phase) were presented in SKHINCAPS D4.2 Life cycle assessment (M24). 

 

3.1. Data sources, related challenges and software for calculations 

The SKHINCAPS project researchers provided all the formulation recipes. Data 

for the different chemicals and materials (LCI data) used in the formulations were taken 

from Ecoinvent database and literature. The amounts of energy needed for the 

processing stages as well as chemical transport information were received from the 

project partners. Many of the substances/compounds are very specific and cannot be 

found as such in the databases. In those cases, the most similar substance was applied. 

Therefore, it should be noted that some datasets vary regarding accuracy which 

certainly affects the results, too. 

Also, in some cases, a more complex chemical that is assimilated from multiple 

different chemicals was used as an input. One such example is data used for chemical 

Gantrez®. It was modelled by making an agglomerate from various chemicals obtained 

from EcoInvent database, so result should be considered as a rough approximation. The 

result is regarded as an adequate model for the Gantrez-copolymer and chosen as an 

acceptable approximation due to availability issues. A more appropriate reference might 

have been the styrene maleic anhydride copolymer (SMA). However, this dataset was 

available only for a cost of 468€ and it was decided against purchasing it. All the 

calculations are made with the SULCA 5.0 LCA software developed by VTT. The example 

of SULCA flowchart is shown in Figure 3. All of the researched cosmetic products follow 

similar flowchart pattern.  



                                     
 

 

 

 

Figure 3. A general example of SULCA flowchart. Production of chemical input represents all the materials 

and energy needed and emissions resulted of production of specific chemical. “Dash” symbol on the 

connecting lines between inputs and the product shows a need for transportation of the chemicals. 

Resulting environmental impacts of the product include of all these combined factors. 

 

The quantification of the formulations’ global warming potential (GWP), as well 

as two other environmental impacts; eutrophication potential and fossil fuel depletion, 

are presented in the following chapters 4.1 – 4.3.  

 

3.2. Other assumptions 

Transport distances are listed in the Annex 1. In addition, assumption is made 

about vehicles used and truck 16-32t EURO 6 is selected as standard transport. Energy 

profiles used in this study are Belgium and Spain (locations from the industrial partners) 

and it should be pointed out that datasets are taken from Ecoinvent database and they 

do not in all cases reflect most current energy production situation. 

 



                                     
 

 

4. Calculation results 

The calculations were made by modelling flowsheets in the SULCA software for 

all the formulations. The flows of all unit processes are related to the reference flow of 

1 ton of product. The amounts of chemicals used have been received from the 

researchers of this project. All the cases listed in the calculations are modelled according 

to the same logic as shown in Figure 3 which shows general overview a flowsheet. The 

carbon footprints (global warming potential - GWP), eutrophication potential and fossil 

fuel depletion of the formulations provided by the project partners have been assessed 

and results are presented in chapters 4 and 5. Impact assessment used in this study are: 

 

Table 2. Used environmental impact assessments 

Impact category Impact assessment method Unit 

Climate change CML 2002. (Guinée et al. 2002) kg CO2-eq 

Eutrophication potential CML 2002. (Guinée et al. 2002) kg PO4-eq 

Fossil fuel depletion ReCiPe Midpoint (Goedkoop et al. 2008) kg oil-eq 

 

4.1. Environmental impacts of phase-change material (PCM) 

Global warming potential of PCMs, nanocapsules and microcapsules used in 

textiles 

The total GWP of a certain product is result of multiple inputs, such as input mass 

and environmental impact of chemical, transportation and electricity needed for 

production. In this chapter, the GWP of the PCM production, PCM-loaded crosslinked 

nanocapsules production and PCM-loaded microcapsules production as well as their 

application in textiles are presented. Figure 4 compares the GWP of two options for PCM 

nanocapsules production, OG-41C and OG-47B.  

 

 

 



                                     
 

 

 

Figure 4. Contribution of different ingredients to the global warming potential (GWP) of two different 

formulations for PCM-loaded nanocapsules. 

 

Both options show similar global warming potential because the chemical input 

does not differ much with one exception of macrogol 400, which can only be found in 

OG-47B formulation. The biggest contributor to GWP in both options is Gantrez® and its 

impact is around 30% of total GWP result. Reason for this is that it has high per kg GWP 

impact and also it is imputed in formulations in high amount. In addition, it should be 

noted that with exception of octadecane, GWP impact of all the chemicals needed for 

production of both PCM for textiles options is quite high. 
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Figure 5. Contribution of different ingredients to the global warming potential of PCM-loaded crosslinked 

NCs using two different PCM formulations. 

 

PCM-loaded crosslinked nanocapsules with two different PCM formulations 

have almost same GWP potential. The reason for this is that the input of all the chemicals 

is completely the same except for the PCM-agglomerates input that have only minor 

differences in their overall GWPs as can be seen in Figure 5. Consequently, GWP of PCM-

loaded crosslinked nanocapsules alternatives does not show any major difference. In 

addition, ethanol shows large impact in both options (around 60%) due to its high input 

amount. 
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Figure 6. Contribution of different ingredients to the global warming impact of microencapsulated PCMs 

for textiles production. 

 

In the case of microencapsulated PCMs for textiles, over half of the GWP is 

caused by an intensive use of electricity that is needed to produce these formulations. 

Furthermore, the second largest impact is caused by the high amount of the PCM - 

octadecane (over 70% of total mass), followed by the impact caused by methylol 

melamine resin (30 %). Even though the used quantity of different microencapsulated 

active ingredients in the textile finishing formulation is not high (around 9%), the impact 

is nevertheless visible due to a remarkable environmental impact per kg of produced 

methylol melamine resin.  

Figure 7 shows the way in which all the PCM calculations contributed to the final 

application on textiles in the form of a SULCA flowsheet. 
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Figure 7. Simplified example of SULCA modelling process for application of PCM on T-shirt. 

 

The following figure shows the GWP of applying nanocapsules and microcapsules 

onto 1 m2 of textile.  

 

Figure 8. Global warming impact of application of microcapsules and nanocapsules on T-shirt (unit is kg CO2-eq/m2). 

 

Application of nanocapsules on cotton fabric is more beneficial for environment 

due to mainly less energy intensive process of nanocapsules production in comparison 
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to microcapsules. Results for other environmental impacts of application will be 

presented below.  

 

Other environmental impacts of application on textiles 

In the addition to the global warming potential the eutrophication potential and 

fossil fuel depletion of application of microcapsules and nanocapsules on 1 m2 of textiles 

are assessed. 

 

Figure 9. Contribution of different ingredients to the eutrophication potential of application of microcapsules and 

nanocapsules on textiles. 

 

Figure 10. Contribution of different ingredients to the fossil fuel depletion of application of microcapsules and 

nanocapsules to textiles. 
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As is the case of GPW impact, both eutrophication potential and fossil fuel 

depletion show smaller impacts in the case of nanocapsules application to textiles for 

the same reason, which is, environmentally more beneficial production of nanocapsules 

when compared with production of microcapsules. 

 

4.2. Environmental impacts of SKHINCAPS anti-wrinkle products  

Cosmetic products are manufactured according the European Regulation 

1223/2009 and following the directives of the Quality Assurance System based on ISO 

22716. 

 

Global warming potential of SKHINCAPS anti-wrinkle products 

There were three anti-wrinkle formulations provided by the partner Telic: anti-

wrinkle serum and two alternatives of anti-wrinkle cream. In the Figure 11, the GWP 

impact of all the formulations is compared.   

 

Figure 11. Contribution of different ingredients to the GWP of anti-wrinkle products formulations where impacts of 

anti-wrinkle creams are compared to anti-wrinkle serum. 
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It can be seen from the figure above that the biggest contributors to total GWP 

in all the formulations are the nanocapsules ingredients (which is an agglomerate 

composed of multiple chemicals of varying masses). Anti-wrinkle serum has the largest 

GWP impact, due to a large input of dimethicone followed by other two cream options 

whose impact is identical. The product developers reacted to the feedback considering 

the high GWP impact per kg of dimethicone and created an alternative formulation of 

anti-wrinkle cream consisting of ciclopentasiloxane. Unfortunately, due to lack of data 

availability, it was not possible to find more appropriate data, so the same dataset for 

dimethicone and ciclopentasiloxane was used in the case of anti-wrinkle cream carrier 

dimethicone and anti-wrinkle cream carrier ciclopentasiloxane because chemicals are 

similar in structure. In addition, dimethicone dataset was used in the case of PEG 12 

dimethicone, one of the chemicals in anti-wrinkle serum formulation. Some data 

uncertainty exists in all calculations, but in case of anti-wrinkle products, it is more 

pronounced than in other cases and that should be taken into consideration when 

interpreting the results. Reason for this is that dimethicone is the chemical with the 

largest impact per kg impact when compared to the other chemicals used in the 

calculations so any calculation uncertainty concerning this specific chemical will without 

doubt reflect considerably on the end environmental impact result. 

Dimethicone is a multiple ingredient for moisturizing and skin care. According to 

Cosmetic Ingredient Review (CIR), dimethicone is safe to use between the limits 

determined.   

 



                                     
 

 

 

 

Figure 12. A simplified example of the SULCA modelling process the for anti-wrinkle serum. 

 

Other environmental impacts of the SKHINCAPS anti-wrinkle formulations 

The following pictures shows the eutrophication potential and fossil fuel 

depletion of application of SKHINCAPS anti-wrinkle formulations. 



                                     
 

 

 

Figure 13. Contribution of different ingredients to the eutrophication potential of SKHINCAPS anti-wrinkle 

formulations where impacts of anti-wrinkle creams are compared to anti-wrinkle serum. 

 

 

Figure 14. Contribution of different ingredients to the fossil fuel depletion of SKHINCAPS anti-wrinkle formulations 

where impacts of anti-wrinkle creams are compared to anti-wrinkle serum. 
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has large impact to both environmental impacts. The anti-wrinkle creams have identical 

impacts, as it was in the case of GWP. In addition to dimethicone, nanocapsules 

ingredients, butylene glycol and glycerine have most impact on both eutrophication 

potential and fossil fuel depletion. 

 

4.3. Environmental impacts of SKHINCAPS anti-acne products 

 

Global warming potential of the SKHINCAPS anti-acne formulations 

The global warming potential of three formulations of anti-acne cream was 

quantified using the same approach described in the previous chapters by modelling 

flowsheets in the SULCA software.  

 

Figure 15. Contribution of different ingredients to the GWP of comparing the antiacne formulations where SKHINCAPS 

nanoencapsulated cream and SKHINCAPS non-encapsulated cream are compared to Telic reference. 
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nanoencapsulated cream, have a high GWP impact and therefore the formulation with 

these ingredients shows the largest GWP potential. Telic reference does not include 

nanocapsules ingredients but few chemicals also with quite high GWP impact, e.g. 

salicylic acid. Both Telic reference and SKHINCAPS non-encapsulated cream use a large 

amount of water that exceeds 80% of the total mass of the ingredients, but SKHINCAPS 

non encapsulated cream does not include before mentioned high impact chemicals 

found in Telic reference so it has smallest GWP impact. The amount of water in 

SKHINCAPS nanoencapsulated cream is around 40%. In addition to the dimethicone, 

butylene glycol and glycerine cause notable amounts of GHG emissions. They have 

multiple use as an emollient, moisturizer or as conditioner.  

It should be emphasized that although the nanoencapsulated cream containing 

the essential oil presents a higher GWP than the other studied formulations, its 

performance regarding anti-wrinkle properties is considerably higher due to the 

encapsulation of the active principle. Therefore, the amount of used cream per day 

should decrease, and consequently also its global warming potential when considering 

costumer usage. According to Cosmetic Ingredient Review (CIR), dimethicone and 

butylene glycol are safe to use between the limits determined.  According to the Food 

and Drug Administration (FDA), glycerine is generally recognized as safe and is the main 

ingredient in skin care products. 

 

 

 

 

 

 

 

 

 



                                     
 

 

 

Other environmental impacts for SKHINCAPS anti-acne formulations 

 

 

Figure 16. Contribution of different ingredients to the eutrophication potential of SKHINCAPS creams, comparing with 

Telic reference. 

 

 

Figure 17. Contribution of different ingredients to the fossil fuel depletion of SKHINCAPS anti-acne creams, comparing 

with Telic reference. 
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The SKHINCAPS nanoencapsulated cream has the highest eutrophication 

potential and fossil fuel depletion followed by the Telic reference and the SKHINCAPS 

non-encapsulated cream. This is logical since the SKHINCAPS nanoencapsulated cream 

has the biggest number of chemical inputs due to its nanocapsules ingredients and Telic 

reference and SKHINCAPS non-encapsulated cream have a large quantity of water 

(around 80%).  

 

5.  Other products environmental impacts 

For the analyses of the other products; anti-dandruff shampoo, body gel and 

athlete's foot cream, no reference products without the nanocapsules ingredient were 

available. Therefore, the results are presented by showing the contribution of each 

ingredient to the total impact, see Figure 18 to Figure 20. Calculation of GWP and SULCA 

flowsheet modelling of all the products follows the same logic previously described 

regarding the other products. The nanocapsules ingredients contributes more than 60% 

to total GWP in every product. Another notable contributor is glycerine. Other chemicals 

cause minor amounts of GHG emissions due to either small quantity used or low GWP 

impact per kg of this specific chemical. 

 

Figure 18. Contribution of different ingredients to the GWP of anti-dandruff shampoo. 
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Figure 19. Contribution of different ingredients to the GWP of body gel. 

 

 

Figure 20. Contribution of different ingredients to the GWP of athlete's foot cream. 
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Figure 21. Contribution of different ingredients to the eutrophication potential of anti-dandruff shampoo. 

 

 

Figure 22. Contribution of different ingredients to the fossil fuel depletion of anti-dandruff shampoo. 
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Figure 23. Contribution of different ingredients to the eutrophication potential of body gel. 

 

 

Figure 24. Contribution of different ingredients to the fossil fuel depletion of body gel. 
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Figure 25. Contribution of different ingredients to the eutrophication potential of athlete's foot cream. 

 

 

Figure 26. Contribution of different ingredients to the fossil fuel depletion of athlete's foot cream. 
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eutrophication potential and fossil fuel depletion (50-70%). In addition, in cases of anti-
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6. Conclusions 

The LCA calculations show indicative results for the global warming potential, 

eutrophication and fossil fuel depletion of different formulations developed in the 

SKHINCAPS project. The amount of energy or energy intensive ingredients applied to 

produce a formulation play a significant role. The GWP of particular 

substances/ingredients are shown in the figure below.  

 

Figure 27. GWP of the chemicals per kg. 

 

This figure reveals the parts of the formulations where emission reduction could 

potentially take place. These are for example the use of Gantrez®, dimethicone, 

butylene glycol and citric acid. If they could be replaced by less energy intensive 

chemical or if smaller amount could be used, the environmental performance of the 

formulations would improve. On the other hand, for example, the use of octadecane 

seems beneficial causing only minor GHG emissions.  

However, it should be emphasized that the LCI data for the substances are of very 

different quality and this should be taken into account when taking decisions based on 

the results in this report. This is especially in the case of Gantrez®, which is more rough 

approximation because of the lack of data.  
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It should be noted that the project partners took into consideration the results of 

the calculations already during the study and tried to adjust their formulations 

accordingly where that was possible by using alternative chemicals with similar 

properties but smaller environmental impact. For example, the provided feedback about 

dimethicone, that has highest GWP impact brought the researchers to look for more 

sustainable alternative.  
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